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Abstract  
Due to rapid development of population and economy since reform and opening, resource-environment has been 
intensively influenced in China, so human-land contradiction is becoming increasingly obvious. Through evolutional 
analysis of coupling between population and resource-environment in China, authors hope that it will make for 
further study on human-land relationship. Based on the panel and serial statistical data, status of population and 
resource-environment coupling has been researched by principal component analysis method and coordinated 
development degree (CDD) model in China during 1985-2004. The results are: ķOn one hand, integrated population 
development capability has increased continuously. Maximum of integrated population development index (IPDI) 
reached 0.8094 in 1998. On the other hand, integrated resource-environment status has declined with a fluctuant 
falling trend since 1985, and integrated resource-environment utilization index (IRUI) has decreased from 0.5511 to -
0.1479. Population development is at the cost of unsustainable utilization of resource-environment. ĸThe coupling 
relationship between population and resource-environment varies gradually from awful maladjustment to secondary 
harmony, and then to moderate maladjustment. Maximum of CDD came up to 0.6379 in 1994. The direct cause of 
variation of coupling relationship is that population system and resource-environment system didn’t continuously 
cooperate with each other from 1985 to 2004. ĹCarrying capability of resource-environment is limited while 
demands of human being are increasingly expanding, so sustainable development faces huge pressure in China. It is 
difficult to achieve the goal of all-round well-off society since China’s per capita GDP was only 3923 yuan in 1994. 
ĺSuggestions that would benefit sustainable development were put forward in this paper, such as controlling 
population quantity, improving population quality, making progress in technology, strengthening resource-
environment protection, and advocating moderation consumption. The coordinated development mode that makes 
population and resource-environment interact well should be chosen. 
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1. Introduction 
Based on the requirement of sustainable development, coupling between urbanization and eco-
environment or economic development and eco-environment has been researched by scholars of 
geography, ecology, economics, and sociology in recent years. Associated feature, coupling mechanism, 
and interaction regulation between urbanization and eco-environment have been probed into [1-2]. 
Studies of environment and economy concentrated mainly on argument and proof of the inverted-U-
shape relationship between environmental pressure and economic development, which are called 
Environmental Kuznets Curve (EKC) issues [3-4]; Coupling researches between Chinese environment 
and economy would benefit coordinated development of human-land relationship [5-6]. In fact, either 
urbanization or economic development is apparent forms of human behaviors. As a result of population 
quantity’s increase and living standard’s improvement, demands of consumption are rapidly expanding, 
which should be the essential cause of aggravating resource-environment pressure. Therefore, coupling 
study between population and resource-environment has the foundational function and meaning. 
2.Indicator system and data source 
2.1.Establishment of indicator system 
First, the authors used CNKI (China National Knowledge Infrastructure) database to make frequency 
statistic of indicators about population, resource and eco-environment, and frequently adopted indicators 
are picked out. Second, population indicators are totally classified into index of population 
quantity/quality/structure, index of human living standard, and index of population output level, all of 
which are named integrated population development index (IPDI) in this paper; resource-environment 
indicators consist of resource utilization index and environment protection index, both of which are 
named integrated resource-environment utilization index (IRUI). Finally, 32 factors (Table I) are chosen 
to analyze the coupling status between population and resource-environment in China. 
2.2.Data source 
According to the indicators shown in Table I, the authors got original data from 1985 to 2004 through 
China Statistical Yearbook (1986-2005) and references to Chen and Zhou [7], Peng [8], and Chen and 
Wang [9]. 
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TABLE I Indicator system of coupling between population and resource-environment 
Goal layer Restrictio
n layer 
Senior 
factors Junior factor 
Coordinated 
degree 
between 
population 
development
, resource 
utilization 
and 
environment 
protection 
(C) 
Integrated 
population 
developme
nt index 
(X) 
Index of 
populatio
n 
quantity/
quality/ 
structure 
(X1) 
(x1)Population density-, (x2)Natural 
growth rate of population-, 
(x3)Society labor force+, 
(x4)Number of university and 
college students per 10 000 
population+, (x5)Population life 
expectancy+, (x6)Urban population 
percentage+, (x7)Primary industry’s 
employed persons as percent of the 
total- 
Index of 
populatio
n living 
standard 
(X2) 
(x8)Per capita annual net income of 
rural households+, (x9)Per capita 
disposable income of urban 
households+, (x10)Per capita total 
retail sales of consumer goods+, 
(x11)Per capita water consumption 
for urban residential use+, (x12)Per 
capita floor space+, (x13)Engle 
coefficient- 
Index of 
populatio
n output 
level (X3)
(x14)Per capita grain output+, 
(x15)Output of pork, beef and 
mutton per capita+, (x16)Per capita 
GDP+, (x17)Labor productivity of 
primary industry+, (x18)Labor 
productivity of secondary 
industry+, (x19)Per capita 
government revenue+ 
Integrate
d 
resource-
environm
ent 
utilizatio
n index 
(Y) 
Resource 
utilizatio
n index 
(Y1) 
(y1)Cultivated land area 
proportion+, (y2)Per capita 
cultivated land area+, (y3)Grain 
yield per hectare+, (y4)Per capita 
water resources+, (y5)Forest 
coverage+, (y6)Urban productive 
use water-, (y7)Energy 
consumption for production value 
per 10 000 yuans -, (y8)Annual per 
capita energy consumption for 
non-production purpose- 
Environ
ment 
protectio
n index 
(Y2) 
(y9)Total volume of industrial 
waste water discharged-, (y10)Total 
volume of industrial waste gas 
emission-, (y11)Volume of 
industrial solid wastes produced-, 
(y12)Investment completed in 
environment pollution harnessing 
projects as percent of GDP+, 
(y13)Soil and water loss area- 
 Note: “+” denotes positive indicators; “-” denotes negative indicators. 
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3.Analytical procedures and results 
3.1.Standardization disposal of data 
In order to eliminate dimension interference of indicators, original data need to be dealt with. When 
the bigger indicator data are, the more favorable system development is, and calculation formula of 
positive indicators is adopted; when the smaller indicator data are, the more favorable system 
development is, and calculation formula of negative indicators is adopted. For positive indicators: 
Zij = 
}min{}max{
}min{
jj
jij
xx
xx

                                                                                                                  ˄1˅ 
For negative indicators: 
Zij = 
}min{}max{
)max{
jj
ijj
xx
xx

                                                                                                                      ˄2˅ 
3.2.Calculation of integrated development level 
Principal component analysis method is adopted to calculate IPDI and IRUI in this paper. Main 
calculation procedure involves the following steps: 
Step 1: Standardization data of population and resource-environment are input into software SPSS11.0 
and dealt with by principal component analysis method respectively. On the principle of component 
eigenvalues more than 1 and cumulative percentage of variance explained reaching 85% upwards, 
principle component of IPDI and IRUI are extracted separately, and principal component score 
coefficient matrixes are obtained at the same time. The results are shown in Tables II, III and IV. 
TABLE II Principal component analysis result of IPDI 
Principle 
component Eigenvalues % of Variance 
Cumulative 
% 
1 
2 
15.798 
2.222 
83.145 
11.696 
83.145 
94.841 
TABLE III Principal component analysis result of IRUI 
Principle 
component Eigenvalues 
% of 
Variance 
Cumulative  
% 
1 
2 
3 
7.889 
3.041 
1.059 
60.684 
23.390 
8.145 
60.684 
84.073 
92.218 
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TABLE IV Principal component score coefficient matrix 
X 1 2 Y 1 2 3 
x1 
x2 
x3 
x4 
x5 
x6 
x7 
x8 
x9 
x10 
x11 
x12 
x13 
x14 
x15 
x16 
x17 
x18 
x19 
-0.069 
0.040 
0.092 
-0.090 
0.069 
-0.005 
0.089 
0.103 
0.111 
-0.042 
0.144 
0.022 
-0.047 
0.227 
0.049 
0.112 
0.101 
0.108 
-0.044 
-0.008
0.051
-0.038
0.237
0.009
0.123
-0.024
-0.048
-0.061
0.174
-0.134
0.081
0.179
-0.357
0.041
-0.063
-0.046
-0.064
0.177
y1 
y2 
y3 
y4 
y5 
y6 
y7 
y8 
y9 
y10 
y11 
y12 
y13 
0.178
0.128
-0.040
0.162
-0.179
-0.191
0.044
0.019
-0.014
0.184
0.195
-0.056
-0.038
-0.083
0.035
-0.144
-0.033
0.040
0.286
-0.209
-0.024
-0.163
-0.051
-0.065
0.207
0.211
0.133
0.061
-0.038
0.077
0.184
0.563
0.141
0.674
0.159
-0.043
-0.114
0.059
0.018
Step 2: Taking variance percentage of principal component as coefficient and corresponding score of 
principal component as variable, comprehensive evaluation function of population and resource-
environment is structured separately as follows: 
f(x) = 0.83145z1 + 0.11696z2                                                                                                         ˄3˅ 
g(y) = 0.60684z3 + 0.2339z4 + 0.08145z5                                                                                              ˄4˅ 
Where: f(x) denotes IPDI; z1 and z2 stand for first and second principal component scores of IPDI 
separately. g(y) denotes IRUI; z3, z4 and z5 stand for first, second and third principal component scores 
of IRUI separately. zi˄i = 1,2…5˅is calculated through principal component score coefficient and 
corresponding standardization data of origin variable as follows: 
z1=-0.069x1+0.04x2+0.092x3-0.09x4+0.069x5-0.005x6+0.089x7+0.103x8+0.111x9-
0.042x10+0.144x11+0.022x12-0.047x13+0.227x14+0.049x15+0.112x16+0.101x17+0.108x18-0.044x19; 
z2=-0.008x1+0.051x2-0.038x3+0.237x4+0.009x5+0.123x6-0.024x7-0.048x8-0.061x9+0.174x10-
0.134x11+0.081x12+0.179x13-0.357x14+0.041x15-0.063x16-0.046x17-0.064x18+0.177x19; 
z3=0.178y1+0.128y2-0.04y3+0.162y4-0.179y5-0.191y6+0.044y7+0.019y8-0.014y9+0.184y10+0.195y11-
0.056y12-0.038y13; 
z4=-0.083y1+0.035y2-0.144y3-0.033y4+0.04y5+0.286y6-0.209y7-0.024y8-0.163y9-0.051y10-
0.065y11+0.207y12+0.211y13; 
z5=0.133y1+0.061y2-0.038y3+0.077y4+0.184y5+0.563y6+0.141y7+0.674y8+0.159y9-0.043y10-
0.114y11+0.059y12+0.018y13. 
The above results are shown in Table V. 
3.3.Calculation of coordinated degree between population and resource-environment 
Since the data are fit for model’s application condition, coordinated degree model put forward by Liao 
(1999) is adopted in this paper, which is presented in the following formulae. 
C = 
k
ygxf
ygxf
°
°
¿
°
°
¾
½
°
°
¯
°
°
®
­
»¼
º
«¬
ª 
u
2
2
)()(
)()(
                                                                                                                                   (5) 
T = )()( ygxf ED                                                                                                                                         (6) 
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D = TC u                                                                                                                                                 (7) 
TABLE V CDD between population and resource-environment in China (1985-2004) 
Year f(x) g(y) D 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
0.0005
0.0407 
0.0691 
0.1005 
0.1577 
0.2495 
0.2666 
0.3033 
0.3968 
0.4940 
0.6305 
0.7527 
0.7898 
0.8094 
0.7996 
0.7361 
0.6765 
0.6796 
0.6490 
0.7432
0.5511 
0.5325 
0.5182 
0.4749 
0.4571 
0.4255 
0.4006 
0.3797 
0.3748 
0.3608 
0.3369 
0.2654 
0.2702 
0.2631 
0.2265 
0.2201 
0.1700 
0.1411 
0.0818 
-.1479
0.0021
0.1414 
0.2249 
0.3093 
0.4230 
0.5415 
0.5543 
0.5771 
0.6206 
0.6379 
0.6314 
0.5500 
0.5530 
0.5422 
0.4928 
0.4901 
0.4177 
0.3647 
0.2403 
0.6766
Note: g(y) was negative in the year 2004 so that the result of D was distorted in the process of formula operation, but the model 
meaning is positive: the bigger data difference between f(x) and g(y) is, the smaller D is. 
Where: C denotes coordinated degree; k is adjustment coefficient (k 2), and k is equal to 2 in this 
thesis. T represents integrated appraisal index of population and resource-environment; D  and E  are 
two undetermined coefficients, both of which are equal to 0.5 in this paper because of the same 
importance in population development and resource-environment utilization. In addition, D represents 
CDD. The results are also shown in Table V. 
3.4.Judgment of coordinated development types 
To better explain coupling grade between population and resource-environment, types of CDD are 
divided. Since its value varies between 0 and 1, the authors list the partition criteria and types of CDD in 
Table VI according to principle of rectangular distribution function method. 
TABLE VI Criteria and types of CDD 
Unacceptable sections˄Maladjustment 
sorts˅ 
Acceptable sections˄Coordinated 
development sorts˅ 
D Types D Types 
0~0.09 
0.10~0.19 
0.20~0.29 
0.30~0.39 
0.40~0.49 
Awful 
Severe maladjustment 
Moderate maladjustment 
Secondary maladjustment
Slight maladjustment 
0.50~0.59
0.60~0.69
0.70~0.79
0.80~0.89
0.90~1.00
Primary harmony 
Secondary harmony
Moderate harmony 
Favorable harmony 
Best harmony 
4.Result analysis 
Regressive analysis of temporal series on serial data of f(x), g(y) and D was respectively done 
according to Table V, and the results show that coupling relationship between population and resource-
environment is strengthened as illustrated in Fig.1. 
799 Wenheng Wu and Shuwen Niu /  Procedia Environmental Sciences  12 ( 2012 )  793 – 801 
f(x)  = -0.0027t2 + 10.876t - 10890
˄R2 = 0.9117˅
g(y)  = -0.0002t3 + 1.1674t2 - 2326.5t + 2E+06
˄R2 = 0.9629˅
y = -0.006t2 + 23.876t - 23815
˄R2 = 0.9692˅
-0.2
-0.1
0.0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 Year
Integrated development index of population
Integrated utilization index of resource-environment
Coordinated development degree
Polynomial trendline (Integrated development index of population)
Polynomial trendline (Integrated utilization index of resouce-environment)
Polynomial trendline (Coordinated development degree)  
Fig.1 CDD between population and resource-environment in China (1985-2004) 
Note: D of the year 2004 was not taken into regressive analysis. 
4.1.Continuous enhancement of IPDI 
China’s population growth step slowed down gradually because natural growth rate of population has 
descended continuously since 1987, and the average natural growth rate is only 7.17‰ during 1998-2004. 
With the development of society and economy, improvement of population quality and structure are 
presented by increase of urban population percentage, progress of population education, prolongation of 
population life expectancy, and decrease of labor force number in primary industry. According to 
calculation of constant prices, per capita annual net income of rural households and per capita disposable 
income of urban households have increased by 2.38 and 2.69 times respectively during 1985-2004. 
Population living standard has been obviously improved as a result of income increase of inhabitants, 
which is outstandingly presented by decline of Engle coefficient, increase of per capita floor space, and 
enhancement of per capita total retail sales of consumer goods. At the same time, population output level 
has increased greatly in China during 1985-2004. On the whole, integrated effects of the above factors 
result in continuous rise of IPDI, and the maximum reached 0.8094 in 1998. 
4.2.Fluctuant decline of IRUI 
In 1985, on account of smaller population quantity and lower living standard, integrated utilization 
capacity of resources was low in China, economy activity had little impact on the environment, and IRUI 
was better than IPDI (see g(y) and f(x) in Table V). Resource utilization and environment capacity still 
had great potentials which should be represented by difference value between g(y) and f(x). With 
population increase and economy development, resource consumption expanded absolutely and 
environment was badly influenced, so IRUI went worse gradually which is presented with the temporal 
series as a fluctuant attenuation function. At the same time, eco-environment problems such as soil and 
water loss, desertification, grassland degradation, and contamination discharge were harnessed and 
improved to a certain extent, but their benefits were hard to emerge in the short run. There wasn’t an 
effective control to the whole deterioration trend of eco-environment. 
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4.3.Coupling relationship between population and resource-environment being strengthened and 
coordinated development facing huge pressure in China 
According to criteria and types in Table VI, coupling relationship between population and resource-
environment has gradually varied from awful maladjustment to secondary harmony, and then to moderate 
maladjustment during 1985-2003. CDD goes through a variation process of rise at first and fall in the end, 
and that a parabola trendline is shown on the temporal series. 
Due to smaller population quantity, lower living standard, and weaker activity intensity, bigger space 
was remained among resource potentials, environment capacity and population development in the 
middle of 1980s, which showed a disharmonious relationship between population development and 
resource-environment. Integrated status of resource-environment system was preferable, but development 
level of population system was low (see Fig.1). 
The maximum of CDD came up to 0.6379 in 1994, which means IPDI having reached optimal upper 
limits of resource-environment carrying capacity. Under that condition resource consumption and 
environment pressure made by population activity should be in the acceptable range of IRUI, and 
negative effect of population activity is not prominent. From the year 1995 on, value of IPDI exceeded 
that of IRUI, negative effect of population activity turned obvious, and CDD descended. In a word, 
population system and resource-environment system couldn’t keep coordinated development states 
sequentially after they went through the better coupling stages, so coupling relationship between 
population and resource-environment followed the same old disastrous road finally. 
In 1994 when CDD reached its top, per capita GDP was only 3923 yuan, per capita disposable income 
of urban households was 3496.2 yuan, and per capita annual net income of rural households was 1221 
yuan. Under those conditions, population development level was still lower, and it had a bigger gap to the 
goal of all-round well-off society in China. Therefore, rational choices of coordinated development 
between population and resource-environment should be controlling population quantity, improving 
population quality, making progress in technology, optimizing industry structure, enhancing resource 
utilization efficiency, strengthening resource-environment protection, advocating moderate consumption 
and so on. With the enhancement of resource-environment carrying capacity, the coordinated 
development mode that makes population and resource-environment interact well should be chosen. 
5.Conclusion 
During 1985-2004, integrated population development capability has increased continuously, while 
integrated resource-environment status has declined with a fluctuant falling trend, population 
development is at the cost of unsustainable utilization of resource-environment. The coupling relationship 
between population and resource-environment varies gradually from awful maladjustment to secondary 
harmony, and then to moderate maladjustment. Carrying capability of resource-environment is limited 
while demands of human being are increasingly expanding, so sustainable development faces huge 
pressure in China.  
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